
H
ea

vy
F

la
vo

r
P

hy
si

cs
at

C
D

F
D

m
itr

y
Li

tv
in

ts
e

v

Fe
rm

ila
b

C
D

/C
D

F

F
eb

ru
ar

y
5,

20
04

A
sp

en
20

04
W

in
te

r
C

on
fe

re
nc

e
on

P
ar

tic
le

P
hy

si
cs



C
on

te
nt

s

●
In

tr
od

uc
tio

n
●

B
cr

os
s-

se
ct

io
n

●
Li

fe
tim

es
●

M
as

se
s

●
S

pe
ct

ro
sc

op
y

●
B

ra
nc

hi
ng

ra
tio

s/
yi

el
ds

●
R

ar
e

de
ca

ys
●

P
ro

sp
ec

ts
●

C
on

c
lu

si
on

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

2



Te
va

tr
on

at
F

er
m

ila
b

M
a
i
n

I
n
j
e
c
t
o
r
a
n
d

R
e
c
y
c
l
e
r

T
e
v
a
t
r
o
n

C
D
F

●
1

km
rin

g
ra

di
us

;
p

p̄
co

lli
si

on
s,

st
ar

te
d

19
84

� s
� 1� 6T

eV

●
R

un
I(

19
92

-1
99

5)

� s

� 1� 8
T

eV
,6

x6
bu

nc
he

s,
� in

st

� 1� 6

� 10
31

cm

� 2 s� 1 ,� � dt

� 110
pb

� 1
●

A
fte

r
m

aj
or

up
gr

ad
e

R
un

II
(s

ta
rt

ed
20

01
):

-

� s

� 1� 96
T

eV
.

-
10

11

� 10
10

	 p
p̄

pe
r

bu
nc

h
-

36
x3

6
co

lli
di

ng
p

p̄
bu

nc
he

s
-

� in
st

� 5� 3

� 10
31

cm

� 2 s� 1 (rec
or

d)
(g

oa
l

8

� 1� 10
31

cm

� 2 s� 1 )
-

hi
gh

be
am

-b
ea

m
cr

os
si

ng
lo

w
pi

le
up

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

3



C
ol

lid
er

Lu
m

in
os

ity



dt

� 28
0p

b

� 1
F

eb
ru

ar
y

5,
20

04
D

m
itr

y
Li

tv
in

ts
e

v,
F

er
m

ila
b

C
D

/C
D

F
4



C
D

F
R

un
II

S
V

X
II 

+ 
IS

L

H
A

D
 c

al

M
uo

n 
ch

am
be

rs
/s

ci
nt

ill
at

or
s

E
M

 c
al

C
O

T

P
ID

us
in

g
dE

/d
x

an
d

To
F

pr
ec

is
io

n
ve

rt
ex

in
g

w
ith

La
ye

r0
0

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

5



H
ea

vy
F

la
vo

r
P

ro
du

ct
io

n
at

Te
va

tr
on

LO
H

ea
vy

qu
ar

k
pr

od
uc

tio
n

γ

 Z
qq̄

Q̄Q

gg
Q Q̄

g
gg

Q̄Q

N
LO

H
ea

vy
qu

ar
k

pr
od

uc
tio

n

gg

Q̄

Q

g

gq

Q̄

Q

q

A
cc

el
er

at
or

P
E

P
II,

K
E

K
Te

va
tr

on
σ

� bb̄

	

1
nb

10
0

µ
b

σ

� b b̄

	 :σ

� ha
d

	

0.
26

0.
00

1
P

ro
du

ct
io

n
e

� e

� � ϒ� 4S

	 � B
B̄

p
p̄�

bb̄
X

co
he

re
nt

pr
od

uc
tio

n
in

co
he

re
nt

pr
od

uc
tio

n
E

nv
ir

on
m

en
t

cl
ea

n
m

es
sy

H
ad

ro
ns

pr
od

uc
ed

B
0

 B�
al

l
B

oo
st

0.
5

2-
4

K
in

em
at

ic
s

fo
rw

ar
d

bo
os

t
bb̄

no
t

ba
c

k-
to

-b
ac

k,
se

co
nd

b
us

ua
ll

y
lo

st
pi

le
-u

p
no

ye
s

Tr
ig

g
er

in
c

lu
si

ve
se

le
ct

iv
e

B
ea

m
en

er
gy

co
ns

tr
ai

nt
ye

s
no

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

6



C
D

F
R

un
II

B
-t

rig
g

er
s

●
di

-le
pt

on
tr

ig
g

er
s

(J

� ψ
an

d
ra

re
B

de
ca

ys
)

●
si

ng
le

le
pt

on
tr

ig
g

er
s

p T

� 4
G

eV

� c

 p T

� 8
G

eV

� c

●
N

ew
di

sp
la

ce
d

tr
ac

k
tr

ig
g

er
s

(
tw

o
tr

ac
k

an
d

� +t
ra

c
k)

:
-

Le
ve

l
1

✓
X

F
T

tr
ac

ki
ng

in
C

O
T

(r

� φ)
✓

op
po

si
te

ch
ar

g
ed

tr
ac

k
pa

ir
w

ith
p T

� 2
G

eV

� c
ea

ch
✓

Σ
p T

� 5

� 5Ge
V

� c
✓

∆φ

� 13
5

�

-
Le

ve
l

2
✓

X
F

T
tr

ac
k

se
ed

s
S

V
T

bo
ar

ds
,

th
at

pe
rf

or
m

fa
st

(r

� φ)tr
ac

k
fit

✓
re

pe
at

Le
ve

l
1

cu
ts

✓
re

qu
ire

tr
ac

ks
im

pa
ct

pa
ra

m
et

er
to

be
0

� 012

���� d 0���� 0

� 1cm

� +t
ra

c
k

us
es

sl
ig

ht
ly

di
ff

er
en

t
se

t
of

cu
ts

H
ad

ro
ni

c
tr

ig
g

er
s

im
pr

ov
ed

B
-p

h
ys

ic
s

se
ns

iti
vi

ty
by

5
or

de
rs

of
m

a
gn

itu
de

(c
om

pa
re

d
to

R
un

I)

−
5

0
0

−
4

0
0

−
3

0
0

−
2

0
0

−
1

0
0

0
1

0
0

2
0

0
3

0
0

4
0

0
5

0
0

0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

5
0

0
0

6
0

0
0

7
0

0
0

8
0

0
0

2
x
1

0

m
)

µ
 
(

0
S

V
T

 
d

 
2

5
≤

S
V

T
2

χ
 
2

 
G

e
V

/
c
 
;
 

≥
t

P

σ

� d 0

� SV
T

� 48
µ

m
(in

c
lu

di
ng

σ

� be
am

� � 3
3

µ
m

)

C
D

F
 D

et
ec

to
r 

C
om

po
ne

nt
s

L1
L1

G
lo

ba
l

Le
ve

l-1

L2

T
S

I/C
LK

X
C

E
S

M
uo

n
P

rim
.

m
uo

n
ca

l

ca
l

G
lo

ba
l

Le
ve

l-2

X
F

T

X
T

R
P

L1
tr

ac
k

S
V

T

C
E

S
S

V
X

M
U

O
N

C
O

T
C

A
L

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

7



H
ea

vy
F

la
vo

r
C

ro
ss

-s
ec

tio
n

●
Te

va
tr

on
B

-h
ad

ro
n

cr
os

s-
se

ct
io

ns
m

ea
su

re
d

at
s

� 1�
8

Te
V

fo
r

p T

� B

� �

6
G

eV

� cc
on

si
st

en
tly

hi
gh

er
th

an
N

LO
Q

C
D

ca
lc

ul
at

io
ns

(b
y

 2)
●

on
go

in
g

th
eo

re
tic

al
ef

fo
rt

to
in

co
rp

or
at

e:
-
fr

ag
m

en
ta

tio
n

ef
fe

ct
s

-
sm

al
lx

th
re

sh
ol

d
ef

fe
ct

s
re

su
lte

d
in

gr
ea

tly
im

pr
ov

ed
ag

re
em

en
tw

ith
R

un
Ib

cr
os

s-
se

ct
io

n

●
C

D
F

ca
n

m
ea

su
re

cr
os

s-
se

ct
io

n
do

w
n

to
ve

ry
lo

w
p T

� B

�

●
C

D
F

ca
n

m
ea

su
re

cr
os

s-
se

ct
io

n
do

w
n

to
ve

ry
lo

w
p T

� B

�

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

8



J

� ψ
C

ro
ss

-s
ec

tio
n

●
di

-m
uo

n
tr

ig
g

er
,

� � dt
=

39
.7

pb

� 1
●

ce
nt

ra
l

m
uo

ns

●
fir

st
m

ea
su

re
m

en
t

do
w

n
to

p T

� µ
µ

	 ! 0
G

eV

� c

σ

� p
p̄�

J

� ψ
X

	"$# y

% J

& ψ

'# ( 0

) 6�� 4

� 08

* 0

� 02� st
at

	� 0

) 60 � 0) 48� sy
st

		 µ
b

C
D

F
 R

u
n

 I
I 
P

re
li
m

in
a

ry

2
.7

0
2

.9
0

3
.1

0
3

.3
0

3
.5

0
M

(µ
µ

) 
G

e
V

/c
2

0

1
0

0
0

0

2
0

0
0

0

3
0

0
0

0

4
0

0
0

0

Events/5 MeV/c2

2
9

9
,8

0
0

 ±
 8

0
0

 E
v
e

n
ts

L
u

m
in

o
s
it
y
 =

 3
9

.7
 p

b
-1

W
id

th
 =

 2
4

 M
e

V
/c

2

C
D

F
 R

u
n

 I
I 
P

re
li
m

in
a

ry

0
4

8
1

2
1

6
p

T

+ (J/ψ) G
e

V
/c

1
0

-11

1
0

1

1
0

2

dσ/dp,T(|y|<0.6) . Br(J/ψ→µµ) nb/(GeV/c)

D
a

ta
 w

it
h

 s
ta

t.
 u

n
c
e

rt
a

in
ti
e

s

S
y
s
te

m
a

ti
c
 u

n
c
e

rt
a

in
ti
e

s

●
co

nt
ai

ns
co

nt
rib

ut
io

ns
fr

om
-

di
re

ct
pr

od
uc

tio
n

of
J

� ψ
-

J

� ψ
pr

od
uc

ed
in

de
ca

ys
of

ch
ar

m
on

iu
m

-
B

-h
ad

ro
n

de
ca

ys
15

-2
0%

●
J

� ψ
fr

om
B

-h
ad

ro
ns

ar
e

di
sp

la
ce

d
=>

fit
J

� ψ
pr

op
er

tim
e

di
st

rib
ut

io
ns

in
p T

bi
ns

to
ex

tr
ac

t
b-

fr
ac

tio
n

.

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

9



B
-H

ad
ro

n
C

ro
ss

-s
ec

tio
n

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

0
5

10
15

20
0.

00

0.
10

0.
20

0.
30

0.
40

0.
50

0.
60

p T
(J

/ψ
) 

G
eV

/c

Fraction of J/ψ from b

R
un

 II
 (

st
at

. u
nc

er
ta

in
tie

s 
on

ly
)

R
un

 I 
(s

ta
t. 

un
ce

rt
ai

nt
ie

s 
on

ly
)

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

0
5

10
15

20
25

p T
(H

b)
 G

eV
/c

10
-2

10
-11

10
1

dσ/dp-T(Hb) . Br(Hb→J/ψ X) . Br(J/ψ→µµ) nb/(GeV/c)

D
at

a 
w

ith
 s

ta
tis

tic
al

 u
nc

er
ta

in
tie

s

C
om

bi
ne

d 
st

at
is

tic
al

 a
nd

 s
ys

te
m

at
ic

 u
nc

er
ta

in
tie

s

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

0
10

0
20

0
30

0
40

0
50

0
60

0

p T
2 (

H
b)

 G
eV

/c
2

10
-4

10
-3

10
-2

10
-11

dσ/dp.T
2(Hb) . Br(Hb→J/ψ X) . Br(J/ψ→µµ) nb.(GeV/c)

-2

D
at

a 
w

ith
 s

ta
tis

tic
al

 u
nc

er
ta

in
tie

s

C
om

bi
ne

d 
st

at
is

tic
al

 a
nd

 s
ys

te
m

at
ic

 u
nc

er
ta

in
tie

s

σ

� p
p̄

/ bX

�021 y143

1

5 0

�� 29

� 4
6 0

� 6� st
at

� 6

6

� 2� sy
s

�� µb

●
M

ea
su

re
m

en
t

of
b

cr
os

s-
se

ct
io

n
in

vo
lv

es
in

fe
rr

in
g

b
m

om
en

tu
m

fr
om

J

� ψ
m

om
en

tu
m

.

●
S

ys
te

m
at

ic
un

ce
rt

ai
nt

y
is

do
m

in
at

ed
by

un
ce

rt
ai

nt
y

in
ac

ce
pt

an
ce

ca
l-

cu
la

tio
ns

.
E

sp
ec

ia
lly

at
lo

w
m

uo
n

m
om

en
tu

m
(

p T

7 1�

5
G

eV

� c)
.

La
rg

es
t

si
ng

le
un

ce
rt

ai
nt

y
is

fr
om

J

� ψ
po

la
riz

at
io

n
th

at
im

pa
ct

s
de

ca
y

ki
ne

m
at

ic
s.

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

10



B
-H

ad
ro

n
Li

fe
tim

es

●
H

Q
E

T
pr

ed
ic

ts
:

τ B

8 τ B
0

9 τ b S

� τ Λ
b

τ B
c

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

1.
7

1.
8

τ 
(p

s)

av
er

ag
e

b-
ba

ry
on

1.
20

8±
0.

05
1 

ps

Ξ b
1.

39
+

0.
34

  p
s

1.
39

 -
0.

28

Λ
b

1.
22

9±
0.

08
0 

ps

B
s

1.
46

1±
0.

05
7 

ps

B
0

1.
54

0±
0.

01
4 

ps

B
−

1.
65

6±
0.

01
4 

ps

0.
7

0.
8

0.
9

1
1.

1
1.

2

lif
et

im
e 

ra
tio

τ(
b 

ba
ry

on
)

/: τ(
B

0 )

0.
78

4±
0.

03
4

0.
9 

- 
1.

0

τ(
Λ

b)
/τ

; (B
0 )

0.
79

8±
0.

05
2

0.
9 

- 
1.

0

τ(
B

s)
/τ

; (B
0 )

0.
94

9±
0.

03
8

0.
99

 -
 1

.0
1

τ(
B

− )/
τ; (B

0 )
1.

07
3±

0.
01

4
1.

03
 -

 1
.0

7

●
Λ

b
lif

et
im

e
lo

w
er

th
an

pr
ed

ic
tio

ns

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

11



B
lif

et
im

es

2
ca

nd
id

at
e 

m
as

s,
 G

eV
/c

5.
20

5.
25

5.
30

5.
35

5.
40

2
candidates per 5 MeV/c

050

10
0

15
0

20
0

25
0

30
0

35
0

40
0

*0
 K

ψ
 J

/
→ 

0
 B

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

 -
1

 1
38

 p
b

≈
L 37

 s
ig

.
±

80
5

ca
nd

id
at

es

2
ca

nd
id

at
e 

m
as

s,
 G

eV
/c

5.
20

5.
25

5.
30

5.
35

5.
40

2
candidates per 5 MeV/c

050

10
0

15
0

20
0

25
0

30
0

35
0

40
0

F
it 

pr
ob

: 6
1%

ct
, c

m
-0

.1
0.

0
0.

1
0.

2
0.

3

mµ candidates per 50 

11010
2

10
3

10
4

*0
 K

ψ
 J

/
→ 

0
 B

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

 -
1

 1
38

 p
b

≈
L da

ta

ct (Sig)

)
 S

ct
 (

B
kg

)
 L

ct
 (

B
kg ct

, c
m

-0
.1

0.
0

0.
1

0.
2

0.
3

mµ candidates per 50 

11010
2

10
3

10
4

F
it 

pr
ob

: 2
2%

τ B
0

<= 1

> 51

? 0

> 06= st
at

@ ? 0

> 02= sy
st

@@ ps

2
ca

nd
id

at
e 

m
as

s,
 G

eV
/c

5.
20

5.
25

5.
30

5.
35

5.
40

2
candidates per 5 MeV/c

050

10
0

15
0

20
0

25
0

30
0

35
0

40
0

+
 K

ψ
 J

/
→ 

+
 B

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

 -
1

 1
38

 p
b

≈
L 

47
 s

ig
.

±
15

13
ca

nd
id

at
es

2
ca

nd
id

at
e 

m
as

s,
 G

eV
/c

5.
20

5.
25

5.
30

5.
35

5.
40

2
candidates per 5 MeV/c

050

10
0

15
0

20
0

25
0

30
0

35
0

40
0

F
it 

pr
ob

: 0
.3

%

ct
, c

m
-0

.1
0.

0
0.

1
0.

2
0.

3

mµ candidates per 50 

11010
2

10
3

10
4

+
 K

ψ
 J

/
→ 

+
 B

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

 -
1

 1
38

 p
b

≈
L da

ta

ct (Sig)

)
 S

ct
 (

B
kg

)
 L

ct
 (

B
kg ct

, c
m

-0
.1

0.
0

0.
1

0.
2

0.
3

mµ candidates per 50 

11010
2

10
3

10
4

F
it 

pr
ob

: 0
.0

3%

τ B

A<= 1

> 63

? 0

> 05= st
at

@ ? 0

> 04= sy
st

@@ ps

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

12



B
s
lif

et
im

e

●
B

s

B J

C ψ
φ,

J

C ψ

B µ
µ,

φ

B K

D K

E

2
ca

nd
id

at
e 

m
as

s,
 G

eV
/c

5.
3

5.
4

5.
5

2
candidates per 10 MeV/c

01020304050607080
φ 

ψ
 J

/
→ s

 B
C

D
F

 R
un

 II
 P

re
lim

in
ar

y
 -

1
 1

38
 p

b
≈

L 13
 s

ig
.

±
12

0
ca

nd
id

at
es

2
ca

nd
id

at
e 

m
as

s,
 G

eV
/c

5.
3

5.
4

5.
5

2
candidates per 10 MeV/c

01020304050607080

F
it 

pr
ob

: 2
7%

ct
, c

m
-0

.1
0.

0
0.

1
0.

2
0.

3

mµ candidates per 50 

11010
2

10
3

φ 
ψ

 J
/

→ s
 B

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

 -
1

 1
38

 p
b

≈
L da

ta

ct (Sig)

)
 S

ct
 (

B
kg

)
 L

ct
 (

B
kg ct

, c
m

-0
.1

0.
0

0.
1

0.
2

0.
3

mµ candidates per 50 

11010
2

10
3

F
it 

pr
ob

: 1
9.

7%

ct
, c

m
-0

.1
0.

0
0.

1
0.

2
0.

3

mµ candidates per 50 

11010
2

10
3

τ B
s

FG 1

H 33
I 0

H 14
G st

at

J I

0

H 02

G sy
st

JJ ps

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

13



lif
et

im
es

su
m

m
ar

y

P
ar

am
et

er
B

KML J

N ψ
K

K B
0L

J

N ψ
K

K B
sL J

N ψ
φ

U
ni

ts
M

52
78

> 7? 0

> 5
52

78

> 5? 0

> 5
53

63

> 9? 1

> 1M
eV

/c
2

ct
49

0

? 15
45

3

? 19
39

9

? 43
µ

m
N

ev
en

ts
15

13

? 47
80

5

? 37
12

0

? 13

●
fit

re
su

lts
su

m
m

ar
y

C
D

F
(p

s)
P

D
G

(p
s)

B

K 1

> 63

? 0

> 05= st
at

@ ? 0

> 04= sy
st

@ 1
> 674

? 0

> 018
B

0
1

> 51

? 0

> 06= st
at

@ ? 0

> 02= sy
st

@ 1

> 542

? 0

> 016
B

s
1

> 33

? 0

> 14= st
at

@ ? 0

> 02= sy
st

@ 1

> 461

? 0

> 057
●

M
ai

n
so

ur
ce

s
of

sy
st

em
at

ic
un

ce
rt

ai
nt

ie
s

-
S

V
X

de
te

ct
or

al
ig

nm
en

t
an

d
m

od
el

in
g

of
re

so
lu

tio
n

fu
nc

tio
n

●
M

ea
su

re
m

en
ts

ar
e

st
ill

st
at

is
tic

al
l

y
lim

ite
d

bu
t

th
at

im
pr

ov
es

as
m

or
e

da
ta

g
et

s
an

al
yz

ed

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

14



Λ
b

lif
et

im
e

●
Λ

b

B J

C ψ
Λ

,J

C ψ

B µ
µ,

Λ

B pπ
●

fir
st

m
ea

su
re

m
en

tu
si

ng
ex

cl
us

iv
e

Λ
b

re
co

ns
tr

uc
tio

n

C
D

F
 R

u
n

 I
I 

P
re

li
m

in
a
ry

, 
L

 =
 6

5
 p

b
-1

5
.4

0O

5
.5

0O

5
.6

0O

5
.7

0O

5
.8

0O
0

1
0

2
0

3
0P4
0

5
0O

6
0

Λ
B

Q  Candid
a
te

 M
a
ss

 (
G

eV
/c

2
)R

Events/10MeV/c S

2

Λ
B

Q  → J/ψ 
Λ

4
6T ±

 9
 s

ig
n

a
l 

ca
n

d
id

a
te

s

C
D

F
 R

u
n

 I
I 

P
re

li
m

in
ar

y 
   

 6
5p

b-1

U
n

bi
n

n
ed

 L
ik

el
ih

oo
d 

F
it

 T
o 

Λ
B

U  Lifeti
m

e

1V

10
1

10
2

10
3

J/

W ψ
 c

τ 
µm

X

Events/40 YµmZ

cτ
=

37
4±

78
(s

ta
t)

±2
9(

sy
st

)[ µm

X si
gn

al
 r

eg
io

n
 f

it

\ ba
ck

gr
ou

n
d 

fi
t

]
C

D
F

 R
u

n
 I

I 
P

re
li

m
in

ar
y 

   
 6

5p
b-1

Λ
B

U  mass 
si

de
ba

n
d

-1
00

0
0

10
00V

20
00[

1

10
1

10
2

10
3

τ Λ
b

FG 1

H 25
I 0

H 26
G st

at

J I

0

H 10

G sy
st

JJ ps

●
pr

ev
io

us
m

ea
su

re
m

en
ts

(L
E

P
/C

D
F

)
us

ed
(Λ

c

^ )
-

di
ffe

re
nt

sy
st

em
at

ic
s

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

15



B
-H

ad
ro

nm
as

se
s

●
m

ea
su

re
m

as
se

s
in

fu
ll

y
re

co
ns

tr
uc

te
d

BL

J

N ψ
X

m
od

es

●
us

e
hi

gh
st

at
is

tic
s

J

N ψ

L µ
µ

an
d

ψ

= 2S

@ L

J

N ψ
ππ

to
ca

lib
ra

te
tr

ac
ki

ng
m

om
en

tu
m

sc
al

e
●

sy
st

em
at

ic
un

ce
rt

ai
nt

ie
s

in
tr

ac
ki

ng
m

o-
m

en
tu

m
sc

al
e

ar
e

du
e

to
:

☛
m

a
gn

et
ic

fie
ld

☛
m

at
er

ia
l

de
sc

rip
tio

n

●
re

su
lts

w
ith

80
pb

_ 1 of
da

ta
:

m
B

0

<= 52
80

> 30

? 0

> 92

? 0

> 96@ M
eV

N c2

m
B

A<= 52
79

> 32

? 0

> 68

? 0

> 94@ M
eV

N c2

☛
co

ns
is

te
nt

w
ith

P
D

G
av

er
a

g
e

●
B

s
an

d
Λ

b
ar

e
w

or
ld

’s
be

st

m
B

s
=

= 53
65

> 50

? 1

> 29

? 0

> 94@ M
eV

N c2

m
Λ

b
=

= 56
20

> 4? 1

> 6? 1

> 2@ M
eV

N c2

]
2

 c
an

di
da

te
 m

as
s 

[G
eV

/c
s

B
5.

10
5.

15
5.

20
5.

25
5.

30
5.

35
5.

40
5.

45
5.

50
5.

55
5.

60

  2
Events/5 MeV/c

051015202530

8.
2

±
N

(B
s)

=7
1.

8

-1
C

D
F

 R
un

 II
 P

re
lim

in
ar

y 
80

 p
b

φ
ψ

 J
/

→
s

B

]
2

 c
an

di
da

te
 m

as
s 

[G
eV

/c
b

Λ
5.

3
5.

4
5.

5
5.

6
5.

7
5.

8
5.

9

  2
Events/6 MeV/c

0246810121416
  7±`

)=
 3

8
b

Λ
N

(

-1
C

D
F

 R
un

 II
 P

re
lim

in
ar

y 
70

 p
b

Λ 
ψ

 J
/

→
B

Λ

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

16



X
(3

87
0)

●
ne

w
na

rr
ow

st
at

e
ob

se
rv

ed
by

B
el

le
us

in
g

ex
c

lu
-

si
ve

B

K L J

N ψ
π

K π

_ K

K

●
ch

ar
m

on
iu

m
st

at
e?

or
D

0 D̄

a 0 mo
le

cu
le

?

●
us

in
g

22
0

pb

_ 1 (

b 2M
J

N ψ

L µ
µ

de
ca

ys
)

C
D

F
pr

od
uc

ed
fir

st
co

nfi
rm

at
io

n
of

B
el

le
re

su
lt

in
th

e
in

c
lu

si
ve

p
p̄L

J

N ψ
π

K π

_ X
pr

od
uc

tio
n

●
cu

ts
op

tim
iz

ed
on

ψ

= 2S

@ si
gn

al

●
pi

on
s

re
qu

ire
d

to
be

in
a

co
ne

c ∆φ
2

d ∆η
2

e 0

> 7
ar

ou
nd

J

N ψ
ππ

sy
st

em
m

om
en

tu
m

di
re

ct
io

n

●
p T

= J

N ψ

@gf 4
G

eV

N c

☛
73

0

? 90
ar

ou
nd

38
70

M
eV

h c2

C
D

F
:

m
X

i 38
70

j =

k 38
71

l 3m 0

l 7m 0

l 4n M
eV

h c2

B
el

le
:

m
X

i 38
70

j =

k 38
72

l 0m 0

l 6m 0

l 5n M
eV
h c2

●
S

ta
tis

tic
al

l
y

so
un

d
sa

m
pl

e
of

X
(3

87
0)

w
ar

ra
nt

s
fu

rt
he

r
st

ud
ie

s:
●

lif
et

im
e

●
an

gu
la

r
an

al
ys

is
●

M

k ππ

n an
al

ys
is

)
2

 M
a

s
s
  

(G
e

V
/c

-
π

+
π

ψ
J
/

3
.6

5
3

.7
0

3
.7

5
3

.8
0

3
.8

5
3

.9
0

3
.9

5
4

.0
0

2
Candidates/ 5 MeV/c

0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

5
0

0
0

6
0

0
0

3
.8

0
3

.8
5

3
.9

0
3

.9
5

1
7

0
0

1
8

0
0

1
9

0
0

2
0

0
0

2
1

0
0

2
2

0
0

C
D

F
 I

I

)
2

 M
a

s
s
  

(G
e

V
/c

-
π

+
π

ψ
J
/

3
.6

5
3

.7
0

3
.7

5
3

.8
0

3
.8

5
3

.9
0

3
.9

5
4

.0
0

2
Candidates/ 5 MeV/c

0

5
0

0

1
0

0
0

1
5

0
0

2
0

0
0

2
5

0
0

3
0

0
0

3
.8

0
3

.8
5

3
.9

0
3

.9
5

9
0

0

1
0

0
0

1
1

0
0

1
2

0
0

1
3

0
0

1
4

0
0

C
D

F
 I

I

M

k ππ

npo 50
0

M
eV

h c2

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

17



X
(3

87
0)

●
62

6
ca

nd
id

at
es

ar
ou

nd
38

70
M

eV

q c2

●
w

id
th

fix
ed

fr
om

ex
tr

ap
ol

at
io

n
fr

om
ψ

r 2S

s (4

t 3M
eV

q c2 )

●
w

ith
M

r ππ

svu

50
0

M
eV

q c2
th

e
si

gn
ifi

ca
nc

e
is

w 11
σ

●
m

as
s

is
in

th
e

go
od

ag
re

em
en

tw
ith

B
el

le
’s

:

C
D

F
:

m
X

k 38
70

n =

r 38
71

t 4

x 0

t 7

x 0

t 4s M
eV

q c2

B
el

le
:

m
X

k 38
70

n =

r 38
72

t 0

x 0

t 6
x 0

t 5s M
eV

q c2

●
S

ta
tis

tic
al

ly
so

un
d

sa
m

pl
e

of
X

(3
87

0)
w

ar
ra

nt
s

fu
rt

he
r

st
ud

ie
s:

●
lif

et
im

e
●

an
gu

la
r

an
al

ys
is

●
M

r ππ

s an
al

ys
is

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

18



B

k 0

yzn k s

n
{ D̄

k 0

y|n k s

n π

z
]

2
 M

a
ss

 [
G

e
V

/c
+ π

0
 D

4
.6

4
.8

5
.0

5
.2

5
.4

5
.6

2
Entries per 10 MeV/c

0

5
0

1
0

0

1
5

0

2
0

0

2
5

0

3
0

0

]
2

 M
a

ss
 [

G
e

V
/c

+ π
0

 D

4
.6

4
.8

5
.0

5
.2

5
.4

5
.6

2
Entries per 10 MeV/c

0

5
0

1
0

0

1
5

0

2
0

0

2
5

0

3
0

0

 -
1

C
D

F
 R

u
n

 I
I 

P
re

lim
in

a
ry

, 
L

 =
 1

1
9

 p
b

 4
1

±
) 

=
 1

2
5

9
 

+
N

(B

]
2

 M
a

ss
 [

G
e

V
/c

+ π-
D

4
.6

4
.8

5
.0

5
.2

5
.4

5
.6

2
Entries per 10 MeV/c

0

5
0

1
0

0

1
5

0

2
0

0

2
5

0

]
2

 M
a

ss
 [

G
e

V
/c

+ π-
D

4
.6

4
.8

5
.0

5
.2

5
.4

5
.6

2
Entries per 10 MeV/c

0

5
0

1
0

0

1
5

0

2
0

0

2
5

0

 -
1

C
D

F
 R

u
n

 I
I 

P
re

lim
in

a
ry

, 
L

 =
 1

1
9

 p
b

 4
3

±
)=

1
1

3
5

 
0

N
(B

]
2

 M
a

s
s
 [
G

e
V

/c
+

π
- s

D5
.0

5
.5

2
Entries per 20 MeV/c

0

1
0

2
0

3
0

4
0

5
0

]
2

 M
a

s
s
 [
G

e
V

/c
+

π
- s

D5
.0

5
.5

2
Entries per 20 MeV/c

0

1
0

2
0

3
0

4
0

5
0

 -
1

C
D

F
 R

u
n

 I
I 
P

re
lim

in
a

ry
, 
L

 =
 1

1
9

 p
b

 1
1

±
) 

=
 8

4
 

0 s
N

(B

]
2

C
a

n
d

id
a

te
 M

a
ss

 [
G

e
V

/c
4

.6
4

.8
5

.0
5

.2
5

.4
5

.6

2
Candidates per 10 MeV/c

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

o
th

e
r

+
 K

0
*

 D 
→ 

+
B

+ π 
-*

 D
→ 

0
B

+ π 
0

*
 D 

→ 
+

B

+
 K

0
 D 

→ 
+

B

+ π 
0

 D 
→ 

+
B

]
2

C
a

n
d

id
a

te
 M

a
ss

 [
G

e
V

/c
4

.6
4

.8
5

.0
5

.2
5

.4
5

.6

2
Candidates per 10 MeV/c

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

C
D

F
 R

u
n

 I
I 
M

o
n

te
 C

a
rl
o

]
2

C
a

n
d

id
a

te
 M

a
ss

 [
G

e
V

/c
4

.6
4

.8
5

.0
5

.2
5

.4
5

.6

2
Candidates per 10 MeV/c

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

o
th

e
r

ν}
+

 l-
 D

→ 
0

B

+ π 
-*

 D
→ 

0
B

+ ρ -
 D

→ 
0

B

+
 K-

 D
→ 

0
B

+ π -
 D

→ 
0

B

]
2

C
a

n
d

id
a

te
 M

a
ss

 [
G

e
V

/c
4

.6
4

.8
5

.0
5

.2
5

.4
5

.6

2
Candidates per 10 MeV/c

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

C
D

F
 R

u
n

 I
I 
M

o
n

te
 C

a
rl
o

]
2

C
a

n
d

id
a

te
 M

a
ss

 [
G

e
V

/c
5

.0
5

.5

2
Candidates per 10 MeV/c

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

o
th

e
r

ν~

+
 l

- s�

 D
→ 

0 s
B

+ π 
-* s�

 D
→ 

0 s
B

+ ρ 
- s�

 D
→ 

0 s
B

+
 K

- s�

 D
→ 

0 s
B

+ π 
- s�

 D
→ 

0 s
B

5
.0

5
.5

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

C
D

F
 R

u
n

 I
I 

M
o

n
te

 C
a

rl
o

☛
ne

w
m

ea
su

re
m

en
t

B
r

� B
s

� D

�
s

π
����
� 4

� 8� 1

� 2� st
at

� � 1

� 8� B
r

� � 0

� 6� f s

� f d

� � 0

� 8� sy
st

��4� 10

� 3
F

eb
ru

ar
y

5,
20

04
D

m
itr

y
Li

tv
in

ts
e

v,
F

er
m

ila
b

C
D

/C
D

F
19



Λ
b

{ Λ
cπ

●
B

ac
kg

ro
un

ds
:

re
al

B
de

ca
ys

,
pi

on
m

is
id

en
tifi

ed
as

pr
ot

on

●
U

se
M

C
to

pa
ra

m
et

riz
ed

th
e

sh
ap

e

●
D

at
a

to
no

rm
al

iz
e

th
e

am
pl

itu
de

N
Λ

b�� 96

� 13

� st
at

�� 6 � 7� sy
st

��

☛
M

ea
su

re
:

σ b� f ba
ry

on

� B
r

� Λ
b

� Λ
cπ

��

σ b� f d� B
r

� B
0

� D

� π

��

B
r

� Λ
b

� Λ
cπ

����
� 6

� 0� 1

� 0� st
at

� � 0

� 8� sy
s

� � 2

� 1� B
r

��4� 10

� 3

)
2

) 
(G

e
V

/c
π c

Λ
m

a
ss

 (
5

5
.5

6
6

.5
7

 )
2

Events / ( 0.02 GeV/c

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

 c
a

n
d

id
a

te
s

π 
c

Λ 
→ 

b
Λ

 1
3

  
 

±
9

6
 

F
o

u
r-

p
ro

n
g

 B
 r

e
fle

ct
io

n
s

O
th

e
r 

B
 m

e
so

n
 d

e
ca

ys

 d
e

ca
ys

b
Λ

O
th

e
r 

K
c

Λ 
→ 

b
Λ C

o
m

b
in

a
to

ri
a

l b
a

ck
g

ro
u

n
d

F
o

u
r-

p
ro

n
g

 B
 r

e
fle

ct
io

n
s

O
th

e
r 

B
 m

e
so

n
 d

e
ca

ys

 d
e

ca
ys

b
Λ

O
th

e
r 

K
c

Λ 
→ 

b
Λ C

o
m

b
in

a
to

ri
a

l b
a

ck
g

ro
u

n
d

C
D

F
 I
I 
P

re
lim

in
a

ry�

w
w�

)
-1

C
D

F
 R

u
n

 I
I 
P

re
lim

in
a

ry
 (

L
u

m
in

o
si

ty
 6

5
 p

b

)2
) (

Ge
V/

c
π cΛ

m
as

s (
5

5.
5

6
6.

5
7

 )
2

Events / ( 0.02 GeV/c

05010
0

15
0

20
0

25
0

30
0

 ca
nd

ida
te

s
π cΛ 

→ bΛ
 2

8 
  

±
36

1 

-1
L 

= 
19

5 
pb

Fo
ur

-p
ro

ng
 B

 re
fle

ct
io

ns

O
th

er
 B

 m
es

on
 d

ec
ay

s

 d
ec

ay
s

bΛ�

O
th

er
 

K cΛ�  
→ bΛ� Co
m

bi
na

to
ria

l b
ac

kg
ro

un
d

Fo
ur

-p
ro

ng
 B

 re
fle

ct
io

ns

O
th

er
 B

 m
es

on
 d

ec
ay

s

 d
ec

ay
s

bΛ�

O
th

er
 

K cΛ�  
→ bΛ� Co
m

bi
na

to
ria

l b
ac

kg
ro

un
d

CD
F 

II 
Pr

eli
m

ina
ry

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

20



O
th

er
B

ar
yo

ns
●

C
D

F
ha

s
de

ve
lo

pe
d

tr
ac

ki
ng

of
lo

ng
liv

ed
hy

pe
ro

ns
(Ξ

an
d

Ω
)

in
th

e
S

V
X

de
te

ct
or

.

●
si

lic
on

tr
ac

ki
ng

is
se

ed
ed

by
ps

eu
do

-t
ra

c
k

of
th

e
hy

pe
ro

n
co

ns
tr

uc
te

d
fr

om
m

om
en

tu
m

an
d

de
ca

y
po

in
t

of
hy

pe
ro

n
ca

nd
id

at
e

fo
un

d
us

in
g

co
n

ve
nt

io
na

l
re

co
ns

tr
uc

tio
n

of
hy

pe
ro

n
de

ca
y

pr
od

uc
ts

(Λ
π

� an
d

Λ
K

�

●
si

lic
on

tr
ac

ki
ng

of
hy

pe
ro

ns
im

pr
ov

es
m

om
en

tu
m

an
d

im
pa

ct
pa

ra
m

et
er

re
so

lu
tio

n
as

w
el

l
as

re
su

lts
in

ex
ce

lle
nt

ba
c

kg
ro

un
d

su
pp

re
ss

io
n

]2
[G

eV
/c

1.
24

1.
26

1.
28

1.
3

1.
32

1.
34

1.
36

1.
38

2
N / 2 MeV/c

0

20
00

40
00

60
00

80
00

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

]2
[G

eV
/c

1.
24

1.
26

1.
28

1.
3

1.
32

1.
34

1.
36

1.
38

2
N / 2 MeV/c

0

20
00

40
00

60
00

80
00

)π
Λ

M
(

- π
Λ

+ π
Λ

-1
L 

= 
22

0p
b

 tr
ac

k 
fo

un
d 

in
 S

V
X

 N
=3

6,
00

0

Ξ

]2
[G

eV
/c

1.
6

1.
65

1.
7

1.
75

1.
8

1.
85

1.
9

2
N / 3 MeV/c

0

10
0

20
0

30
0

40
0

50
0

60
0

70
0

80
0

90
0

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

,K
)

Λ
M

(

-
 K

Λ
+

 K
Λ

�

-1
L 

~2
20

 p
b

 T
ra

ck
 fo

un
d 

in
 S

V
X

Ω

]2
[G

eV
/c

1.
6

1.
65

1.
7

1.
75

1.
8

1.
85

1.
9

2
N / 3 MeV/c

0

10
0

20
0

30
0

40
0

50
0

60
0

70
0

80
0

90
0

Tw
o

Tr
ac

k
tr

ig
g

er
da

ta

●
hy

pe
ro

n
tr

ac
ks

re
co

ns
tr

uc
te

d
in

S
V

X
ar

e
us

ed
to

pr
ob

e
pr

od
uc

tio
n

of
Ξ b

an
d

Ω
b

in
de

ca
ys

ac
ce

ss
ib

le
to

C
D

F
tr

ig
g

er
s

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

21



ch
ar

m
ed

-s
tr

an
g

e
ba

ry
on

s

Ξ0 c

� Ξ

� � π

�
�� Λ

π

�,Ξ

�

c

� Ξ

� � π

� π

�

�� Λ
π

�

]2
[G

eV
/c

2.
3

2.
4

2.
5

2.
6

2
N / 10 MeV/c 051015202530

C
D

F 
R

un
 II

 P
re

lim
in

ar
y

)+ π- Ξ
M

(

-1
 L

dt
=2

20
pb

∫ N
=3

4 

]2
[G

eV
/c

2.
3

2.
4

2.
5

2.
6

2
N / 10 MeV/c 0102030405060

C
D

F 
R

un
 II

 P
re

lim
in

ar
y

)+ π+ π- Ξ
M

(

-1
 L

dt
=2

20
pb

∫ N
=1

02

F
irs

to
bs

er
va

tio
n

of
ch

ar
m

ed
-s

tr
an

ge
is

od
ou

bl
et

� Ξ0 c

� Ξ� c

� in
p

p̄

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

22



R
ar

e
D

ec
ay

s
D

0

� µ
µ

(a
)

(b
)

(c
)

●
S

M
B

r(
D

0

� µ
µ)

� 10

� 13
●

N
on

S
M

ph
ys

ic
s

m
ay

en
ha

nc
e

th
e

br
an

ch
in

g
to

� 10

� 6 .
e.

g.
R

-p
ar

ity
vi

ol
at

in
g

S
U

S
Y

:

uc

+ µ- µ

q

●
us

e
D

�
� D

0 π
to

re
du

ce
ba

ck
gr

ou
nd

●
se

ar
ch

fo
r

D
0

� µ
µ

in
tw

o
tr

ac
k

sa
m

pl
e,

no
rm

al
iz

e
to

D
0

� ππ
–

sy
st

em
at

ic
s

an
d

tr
ig

ge
r

ef
fic

ie
nc

ie
s

ca
nc

el

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

23



D
0

� µ
µ

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

025507510
0

1.
8

1.
85

1.
9

1.
95

M
π

π (
G

eV
)

events/MeV

N
or

m
al

iz
at

io
n 

m
od

e:
13

71
 ±

 5
3 

 D
0 →

π+
π-

in
 th

e 
m

as
s 

se
ar

ch
 w

in
do

w
∫�  L

 d
t =

 6
9p

b-1

C
M

U
 fi

du
ci

al

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

0123

1.
8

1.
85

1.
9

1.
95

M
µµ

 (
G

eV
)

events/MeV

D
0 →

µ+
µ-  S

ea
rc

h

0 
ev

en
ts

 in
 th

e 
±2

σ 
se

ar
ch

 w
in

do
w

●
1

� 8

� 0

� 7b
ac

kg
ro

un
d

ev
en

ts
(f

ro
m

hi
gh

m
as

s
si

de
ba

nd
)

●
“o

pe
n

bo
x”

sa
w

0
ev

en
ts

●
B

r

� D
0

� µ
µ

 ¢¡

2
� 4

£ 10

� 6 @
90

%
C

L
●

ab
ou

t
tw

ic
e

be
tte

r
th

an
pr

e
vi

ou
s

lim
it!

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

24



B
s

¤ d

� µ
µ

●
b

lin
d

an
al

ys
is

,
17

1
pb

� 1 us
in

g
ra

re
B

tr
ig

g
er

di
-m

uo
n

da
ta

●
ob

se
rv

e
1

ev
en

t
●

ex
pe

ct
ed

(b
ac

kg
r)

1

¥ 05

¦ 0

¥ 30(B
s)

an
d

1

¥ 07

¦

0

¥ 31(B
d
)

●
B

ra
nc

hi
ng

ra
tio

s:

B

§ B
0 s

¨ µ
µ

© ª§ 5

¥ 8« 10

� 7© @
90

%
C

L
B

§ B
0 s

¨ µ
µ

© ª§ 7

¥ 7« 10

� 7© @
95

%
C

L
B

§ B
0 d

¨ µ
µ

© ª§ 1

¥ 5« 10

� 7© @
90

%
C

L
B

§ B
0 d

¨ µ
µ

© ª§ 1

¥ 9« 10

� 7© @
95

%
C

L

☛
lim

it
on

B
s

is
a

fa
ct

or
of

3
be

tte
r

th
an

pr
e

vi
-

ou
sl

y
pu

b
lis

he
d

(C
D

F
).

☛
lim

it
on

B
d

is
sl

ig
ht

ly
be

tte
r

th
an

B
el

le
’s

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

25



B�
� φK

�

ub

us s s
u

u

b
s ss

●
m

ea
su

re
B

r

§ B

¬ ¨ φK

¬ © B
r

§ B

¬ ¨ J ψ
K

¬ © ra
tio

us
in

g
12

0
pb

� 1 of
tw

o
tr

ac
k

sa
m

pl
e

●
J ψ

¨®® ,

®°¯ µ

± e;φ

¨ K

¬ K

�
0.

98
0.

99
1

1.
01

1.
02

1.
03

1.
04

1.
05

1.
06

1.
07

0

20
0

40
0

60
0

80
0

10
00

Sideband
region

 signal φ

]2
 [G

eV
/c

-
K

+
K

M

2
Candidates/ 1 MeV/c

C
D

F
 R

U
N

 II
 P

re
lim

in
ar

y
-1

L=
12

0 
pb

-
K+

 K
→ φ

)2
M

as
s 

(G
eV

/c
4.

8
4.

9
5

5.
1

5.
2

5.
3

5.
4

5.
5

2
Number of events in 10 MeV/c

0

10203040506070

-1
 7

 p
b

±
C

D
F

 P
re

lim
in

ar
y 

12
0 

±
 K

Ψ
 J

/
→±

B
 2

6 
ev

en
ts

±
40

6 

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

26



B�
� φK

�
)2

M
as

s 
(G

eV
/c

4.
8

4.
9

5
5.

1
5.

2
5.

3
5.

4
5.

5

2
Number of events in 10 MeV/c

02468

10121416182022

-1
 7

 p
b

±
C

D
F

 P
re

lim
in

ar
y 

12
0 

D
at

a
F

it  s
id

eb
an

d
φ

±
 Kφ 

→±
B

 6
.7

 e
ve

nt
s

±
22

.8
 

0.
00

4

0.
00

6

0.
00

8

0.
01

0.
01

2

0.
01

4

B
aB

ar

B
el

le

C
LE

O

C
D

F

 K
)

ψ
 J

/
→

 K
)/

B
R

(B
φ 

→
B

R
(B

B
r

§ B

¬ ¨ φK

¬ ©

B
r

§ B

¬ ¨ J ψ
K

¬©¯
§ 0

¥ 68
¦ 0

¥ 21§ st
at

© ¦ 0

¥ 07§ sy
st

©© « 10

� 2

B
r

§ B

¬ ¨ φK

¬ © ¯
§ 6
¥ 9¦ 2

¥ 1§ st
at

© ¦ 0

¥ 8§ sy
st

©© « 10

� 6
P

D
G

’2
00

2
va

lu
e

B
r

§ B

¬ ¨ φK

¬ © ¯
§ 7

¥ 9¬ 2

² 0 � 1² 8© « 10

� 6

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

27



B

� hh

●
an

gl
e

γ
ca

n
be

ex
tr

ac
te

d
fr

om
B

s

� K
K

de
ca

y

●
∆m

d

³ ∆m
s

si
de

of
th

e
tr

ia
ng

le
is

ex
tr

ac
te

d
fr

om
B

s

¤ d
´ B̄ s

¤ d
m

ix
in

g
m

ea
su

re
m

en
ts

β
γ

α
b

� u

� cµ νB
0

� π� π

�

∆m
d

³ ∆m
s

(B
s

¤ d

´ B̄ s

¤ dm
ix

in
g)

B�
� D

0 K

�

B
s

� D

�

s
K

�

B
s

� K

� K

�

B
0

� J

³ ψ
K

0 S
B

0

� φK
0 S

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

28



B

� hh

●
si

gn
al

is
th

e
m

ix
tu

re
of

:

-
B

0

� K

� π�

-
B

0

� π

� π�

-
B

0 s

� K

� K

�

-
B

0 s

� K

� π�

●
R

eq
ui

re
m

en
ts

:
-
di

sp
la

ce
d

tr
ig

ge
r

tr
ac

ks

●
To

F
do

es
no

th
el

p
(t

ra
ck

pt
2

G
eV

)

●
K

³ π
se

pa
ra

tio
n

of
dE

/d
x
�

1

� 16
σ

☛
us

e
ki

ne
m

at
ic

s
to

se
pa

ra
te

co
nt

ri-
bu

tio
ns

☛
nu

m
be

rs
pr

es
en

te
d

fo
r

65
pb

� 1
(p

lo
ts

ho
w

n
fo

r
19

0
pb

´ 1
F

eb
ru

ar
y

5,
20

04
D

m
itr

y
Li

tv
in

ts
e

v,
F

er
m

ila
b

C
D

/C
D

F
29



B

� hh
re

su
lts

m
od

e
Y

ie
ld

(6
5p

b

� 1 )
B

0

� K
π

14
8

¶ 17

· st
at

¸ ¶ 17

· sy
st

¸

B
0

� ππ
39

¶ 14

· st
at

¸ ¶ 17

· sy
st

¸

B
s

� K
K

90

¶ 17

· st
at

¸ ¶ 17

· sy
st

¸

B
s

� K
π

3

¶ 11

· st
at

¸ ¶ 17

· sy
st

¸

B
r

· B
0

� ππ

¸

B
r

· B
0

� K
π

¸¹ 0

º 26

¶ 0

º 11· st
at

¸ ¶ 0

º 06· sy
st

¸
☛

B
r

· B
s

� K
K

¸

B
r

· B
0

� K
π

¸¹ 3

º 71

¶ 0

º 73· st
at

¸ ¶ 0
º 35· f s

» f d

¸ ¶ 0

º 81· sy
st

¸

☛

A
C

P

¹N· B̄
0

� K

� π

� ¸ �
N

· B
0

� K

� π

�¸

N

· B̄
0

� K

� π

�¸ �
N

· B
0

� K

� π

�¸¹

0

º 02

¶ 0

º 15· st
at

¸ ¶ 0

º 02· sy
st

¸

☛
B

aB
ar

A
C

P

¹ � 0
º 102

¶ 0
º 5¶ 0

º 02
F

eb
ru

ar
y

5,
20

04
D

m
itr

y
Li

tv
in

ts
e

v,
F

er
m

ila
b

C
D

/C
D

F
30



σ A
C

P
vs

lu
m

in
os

ity

]
-1

In
te

gr
at

ed
 L

um
in

os
ity

 [p
b

10
00

20
00

30
00

40
00

50
00

60
00

70
00

80
00

CP  A σ

0

0.
2

0.
4

0.
6

0.
81

1.
2

ππ 
→ 0

B
 =

 5
%

2
 D∈

 (
M

ix
)

C
P

 Aσ

 (
D

ir)
C

P
 Aσ

C
D

F
 R

un
II 

P
re

lim
in

ar
y

]
-1

In
te

gr
at

ed
 L

um
in

os
ity

 [p
b

10
00

20
00

30
00

40
00

50
00

60
00

70
00

80
00

CP  A σ
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

 K
K

→ 
S

B
 =

 5
%

2
 D∈
 =

 5
0 

fs
tσ

 =
 5

0
Sx

 =
 3

0
Sx

 =
 2

0
Sx

 (
D

ir,
 M

ix
)

C
P

 AσC
D

F
 R

un
II 

P
re

lim
in

ar
y

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

31



B
s
m

ix
in

g
●

M
ea

su
re

m
en

t
of

∆m
s

t

W

¼

W

½

t̄

sb̄

bs̄

t

W

½

W

¼ t̄

sb̄

bs̄

P un
m

ix

¾ t

¿�À1 2
e

½ Γt¾ 1

Á co
s∆

m
st

¿

P m
ix

¾ t

¿ À1 2
e

½ Γt¾ 1

Â cos∆
m

st

¿

A
m

ix

ÀN
un

m
ix

ed

¾ t

¿ Â N
m

ix
ed

¾ t

¿

N
un

m
ix

ed

¾ t

¿ Á N
m

ix
ed

¾ t

¿À c
os

∆m
st

∆m
s

Ã ∆m
d

as
R

e

¾ V t
s

¿ÅÄ

0

Æ 04

Ã R
e

¾ V td

¿ Ä
0

Æ 007
=>

B
s

fu
ll

y
m

ix
es

in
0.

15
lif

et
im

es

-0
.1

-0
.0

50

0
.0

5

0
.1

0
2

.5
5

7
.5

1
0

p
ro

p
e

r 
d

e
c
a

y
 t
im

e
, 
t 
[p

s
]

Mixed Asymmetry

B
d
 m

ix
in

g
 ∆

m
d
=

0
.5

 p
s

−
1

B
s
 m

ix
in

g
 ∆

m
s
=

2
0

 p
s

−
1

D
il
u

ti
o

n
: 

0
.0

5
%

☛
In

re
al

ity

A
m

ix

À D
co

s∆
m

st

w
he

re
D

À 2P

Â 1is
th

e
di

lu
tio

n
of

th
e

fla
vo

r
ta

g
an

d
P

is
th

e
pr

ob
ab

ili
ty

th
at

th
e

fla
vo

r
ta

g
at

pr
od

uc
tio

n
is

co
rr

ec
t

L
xy

je
t c

ha
rg

e

so
ft 

le
pt

on
fr

ag
m

en
ta

tio
n 

K
+

tr
ig

ge
r 

le
pt

on
 (

or
 h

ad
ro

n)

S
V

T
 tr

ac
k

D

B
s

P
.V

.

b−
ha

dr
on

b−
ha

dr
on

O
pp

os
ite

 s
id

e
S

am
e 

si
de

ÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
ÉÉ ÊÊ

ËËËËËËËËËËËËËËË ÌÌÌÌÌÌÌÌÌÌÌÌÌÌÌ ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

☛
O

pp
os

ite
S

id
e

Ta
g

gi
ng

(O
S

T
):

●
JE

T
Q

je
t

ch
ar

g
e

of
op

po
si

te
b

●
S

LT
so

ft
le

pt
on

ta
g

●
O

S
T

b

Ï c

Ï s
=>

K

½ on
th

e
ot

he
r

si
de

of
B

s

☛
S

am
e

S
id

e
Ta

g
gi

ng
(S

S
T

)
●

S
S

T
K

B
s

is
lik

el
y

to
be

ac
co

m
pa

ni
ed

by
K

¼ fr
om

fr
a

gm
en

ta
tio

n

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

32



Ta
g

g
er

s
pe

rf
or

m
an

ce
●

σ

¾ A
m

ix

¿ st
at

∝
1

ÐÑ εD
2 ,

w
he

re
εÀ N

ta
g

Ð N
to

ta
l

–
ta

g
g

er
ef

fic
ie

nc
y.

T
he

hi
gh

er
εD

2
th

e
be

tte
r

☛
S

M
T

☛
te

st
S

LT
us

in
g

hi
gh

st
at

is
tic

s

Ò +S
V

T
tr

ac
k

sa
m

pl
e

.
Tr

ig
g

er

Ò ta
gs

in
iti

al
fla

vo
r.

☛
id

en
tit

y
ch

ar
g

e
of

so
ft

µ
☛

ve
rif

y
w

ith
pa

rt
ia

ll
y

re
co

ns
tr

uc
te

d
D

Ò

)
  

(
G

e
V

/c
)

µ
(

r
e

l
T

p
0

1
2

3
4

5

Dilution -
0

.2

-
0

.1-
0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

0
.8

)Ó

-
1

le
p
to

n
+

d
is

p
la

c
e
d
 t
r
a
c
k
 t
r
ig

g
e
r
 (

6
4
 p

b

Is
o
la

te
d
 t
r
a
c
k
s

C
D

F
 R

u
n

-
II

 P
r
e

li
m

in
a

r
y

εD
2

¾ SM
T

¿ À¾ 0

Æ 7Ô 0
Æ 1¿ %

☛
S

S
T

☛
te

st
S

S
T

us
in

g
fu

ll
y

re
co

ns
tr

uc
te

d
m

od
es

B

¼ Ï J
Ð ψ

K

¼ an
d

B

¼ Ï D̄
0 π

¼ no
os

ci
lla

tio
ns

P
ro

p
e

r 
d

e
c
a

y
 l
e

n
g

th
 [

c
m

]
0

0
.1

0
.2

Asymmetry

0

0
.2

0
.4

C
D

F
 R

u
n

 I
I 
P

re
li
m

in
a

ry
+

 K
ψ

 J
/

→ 
+

B

P
ro

p
e

r 
d

e
c
a

y
 l
e

n
g

th
 [

c
m

]
0

0
.1

0
.2

Asymmetry

0

0
.2

0
.4

C
D

F
 R

u
n

 I
I 
P

re
li
m

in
a

ry
+

π 
0

D 
→ 

+
B

εD
2

¾ SS
T

¿ À¾ 2

Æ 1Ô 0

Æ 1¿ %

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

33



B
s
se

ns
iti

vi
ty

●
th

er
e

is
so

m
e

kn
o

w
le

dg
e

of
th

e
in

gr
ed

ie
nt

s
ne

ed
ed

to
m

ea
su

re
∆m

s
:

☛
B

s
yi

el
d,

S
☛

F
la

vo
r

ta
g

gi
ng

ef
fic

ie
nc

y,
εD

2

☛
S

ig
na

l
to

no
is

e
,S

/B
☛

cτ
re

so
lu

tio
n,

σ t

Si
gn

if
ic

an
ce

À

Sε
D

2

2
ex

p

Õ Â¾ ∆m
sσ

t

¿ 2

2

Ö

S
B

Á S

●
C

ur
re

nt
pe

rf
or

m
an

ce
ha

dr
on

ic
m

od
es

on
ly

☛
S

=1
60

0
ev

en
ts

/fb

½ 1
☛

S
/B

=
2/

1
☛

εD
2 =

4%
☛

σ t

À 6
7

fs

●
W

ith
im

pr
ov

em
en

ts
ha

dr
on

ic
m

od
es

on
ly

☛
S

=2
00

0
ev

en
ts

/fb

½ 1
☛

sa
m

e
S

/B
☛

εD
2 =

5%
☛

σ t

À 5
0

fs
(e

ve
nt

by
ev

en
t

ve
rt

ex
+

L0
0)

●
A

d
di

tio
na

l
im

pr
ov

em
en

ts
☛

Tr
ig

g
er

an
d

D
A

Q
up

gr
ad

es
in

20
04

an
d

20
05

2σ
se

ns
iti

vi
ty

fo
r

∆m
sÀ 1

5
ps

½ 1 wit
h

× 0Æ 5
fb

½ 1 of
da

ta

5σ
se

ns
iti

vi
ty

fo
r

∆m
sÀ 1

5
ps

½ 1 wit
h

× 1Æ 7
fb

½ 1 of
da

ta
5σ

se
ns

iti
vi

ty
fo

r
∆m

sÀ 2
4

ps

½ 1 wit
h

× 3Æ 2
fb

½ 1 of
da

ta

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

34



C
on

c
lu

si
on

●
N

ew
B

-c
ro

ss
se

ct
io

n,
pr

ec
is

io
n

H
ea

vy
ha

dr
on

s
m

as
se

s,
lif

et
im

es
an

d
br

an
ch

in
g

ra
tio

s
m

ea
su

re
m

en
ts

fr
om

C
D

F
●

C
on

fir
m

at
io

n
of

B
el

le
’s

X
(3

87
2)

●
B

es
tl

im
its

on
ra

re
B

an
d

D
de

ca
y

ra
te

s
to

µ
µ

●
F

irs
th

ad
ro

ni
c

B
-t

rig
ge

r
pr

ov
id

es
w

ea
lth

of
ha

dr
on

ic
B

an
d

D
de

ca
ys

●
R

es
ul

ts
pr

es
en

te
d

w
er

e
ob

ta
in

ed
w

ith
(3

3-
80

)%
of

av
ai

la
bl

e
da

ta
.

E
xp

ec
t

m
an

y
im

pr
ov

em
en

ts
so

on
du

e:
☛

In
cr

ea
se

d
st

at
is

tic
s

☛
Im

pr
ov

ed
si

lic
on

st
an

d-
al

on
e

tr
ac

ki
ng

(c
ov

er
ag

e
up

to

Ø η

ØÚÙ

2
☛

U
se

of
L0

0
☛

E
ve

nt
by

ev
en

tv
er

te
xi

ng

●
C

D
F

re
m

ai
ns

fo
cu

se
d

on
B

s
m

ix
in

g
m

ea
su

re
m

en
t:

☛
D

A
Q

an
d

Tr
ig

ge
r

up
gr

ad
es

ai
m

in
g

to
in

cr
ea

se
B

-h
ad

ro
ni

c
ba

nd
w

id
th

ar
e

on
th

e
w

ay
☛

W
or

k
on

K
ao

n
S

S
T

us
in

g
To

F
☛

W
or

k
on

je
tc

ha
rg

e
O

S
T

●
E

xp
ec

tn
ew

re
su

lts
on

he
av

y
ba

ry
on

s
an

d
lo

w
ra

te
m

od
es

F
eb

ru
ar

y
5,

20
04

D
m

itr
y

Li
tv

in
ts

e
v,

F
er

m
ila

b
C

D
/C

D
F

35


